There has been a need for the systematic evaluation of the economic efficiency between conventional fluorescent lamp lighting systems that have been used in tunnels and LED lighting systems. This study has evaluated basic tunnel lighting between the conventional fluorescent lighting systems and the LED lighting system using the evaluation tool of tunnel lighting by Life Cycle Cost (LCC) and using the economic efficiency evaluation method. In addition, the unit discount rate of the LED lighting system and the estimated increase in the price of electricity have made the estimated cost of LCC the same if two luminaires were used in the basic part of the tunnel.
Introduction
For saving energy and applying low-CO2-emission LED luminaires to basic tunnel lighting, it is necessary to assess the economic efficiency of the tunnel lighting environment and lighting conditions. LED luminaires differ from conventional basic tunnel lighting -fluorescent lamps -in terms of unit price, installation cost and luminous flux. After analyzing and estimating these input factors, this study has assessed economic efficiency. To apply the same LCC based on the evaluation of the economic efficiency between the two luminaires, appropriate values have been estimated by applying the unit discount rate and estimated growth rate in the price of electricity to the LED luminaire. The payback period for early-stage facility investment costs in the two luminaires has been estimated by luminaire. efficiency evaluation methods have been used. In terms of data for the evaluation, actual design data on tunnel lighting have been used. In tunnel lighting, because lighting design differs depending on tunnel conditions, the location of the luminaires, the type of light source and the size of the facility, it is difficult to compare it to a general evaluation of the economic efficiency of lighting facilities at the entrance, body and exit of the tunnel. In this study, therefore, only the lighting for the basic part of the tunnel has been examined for the evaluation of economic efficiency [1] .
Input data for evaluation of economic efficiency of tunnel lighting
Based on the actual lighting design of Tunnel'A', the economic efficiency has been evaluated. Table 1 revealed the current conditions of Tunnel'A', including tunnel length, interior material, and the type of luminaires in the basic section, number of luminaires and the Coefficient of Utilization (CU). Tunnel'A' has an average traffic flow of a 2-lane freeway. For basic lighting, a fluorescent lighting system (FL 32W/3) has been used. In terms of design luminance, 21lx (daytime) and 126lx (night time) were provided in the entrance and body of the tunnel. In the basic section and exit, 20lx (night time) and 125lx (daytime) were provided. Table 2 explains the estimated input data for the evaluation of economic efficiency (ex: Useful life, unit wage for internal line, estimated unit manpower and materials, electric bill, etc.) of the conventional fluorescent lighting system (FL 32W/3) and the LED lighting system (LED, 80W) in Tunnel ' A' . An LED luminaire, which is the same as the fluorescent luminaire (8,000lm) in terms of luminous flux, was selected for comparison. Because the unit price of the LED luminaires greatly varies, the median was used for the evaluation of economic efficiency. In terms of useful life, 12 years (80% of the useful life of the discharge luminaire) was established in consideration of the thermal degradation and dirt pollution. In terms of the daily power consumption ratio, about 66% of the 24-hour lighting conditions of the fluorescent lamp (FL 32W/3) was established considering 12 hours of lighting at night (FL 32W/1) and 12 hours of lighting during the day (FL 32W/3). Table 3 reveals an output of the evaluation for the economic efficiency of lighting in the basic part of Tunnel 'A'. In terms of early-stage facility investment costs, the LED lighting system is higher than the conventional fluorescent lighting system by about 176%. However, the former is lower than the latter in both repair & maintenance costs as well as electricity cost and CO 2 emission cost by 83.5%, 30.5% and 30.5%, respectively. Among the LCCs, however, the LED luminaires are now about 3 times greater than the current fluorescent luminaires in terms of unit price in the 'estimation of total cost in present values.' Therefore, the LED lighting system is about 11.5% higher than the fluorescent lighting system in terms of unit price. However, the unit price of the LED luminaires has gradually declined, and it is most likely that the price of electricity would increase due to increases in oil prices. Considering these two factors, this study has evaluated the economic efficiency with the discount rate of the LED luminaires and the estimated growth rate in the price of electricity as a means to make the LCC the same. Table 4 shows the results of the evaluation of the economic efficiency after estimating the discount rate of the LED luminaires and the estimated growth rate in the price of electricity that makes the LCC between the two luminaires the same. If the unit price of the LED luminaires decreases by 13%, the early-stage facility investment costs could be reduced by 35% (176% to 141%), and the LCC would be the same. Table 5 shows the results of the evaluation of the economic efficiency after estimating the unit price discount rate of the LED luminaires and the growth rate in the price of the lighting system and the LED lighting system when the unit price of LED luminaires was discounted by 10.3% with a 1.5 times increase in electricity rates, which makes the LCC between the two luminaires the same by adjusting the unit price discount rate of the LED luminaires and the growth rate in the price of electricity. As a result, the same LCC was observed 조명․전기설비학회논문지 제27권 제11호, 2013년 11월 in both the fluorescent The figures below show the comparison of the evaluation of the economic efficiency when the unit price of the LED luminaires was discounted by 13%, or when it was discounted by 10.3% with a 1.5 times increase in electricity rates. Fig. 2 shows a comparison of the repair & maintenance costs, electricity cost and CO2 emission cost. In terms of the early-stage facility investment costs, the LED lighting system was higher than the conventional fluorescent lighting system. However, the former was lower than the latter in terms of repair & maintenance costs, electricity cost and CO 2 emission cost. When the LED luminaires were discounted by 13%, the LCC was fairly similar to the lower early-stage facility investment costs. When the LED luminaires were discounted by 10.3% with a 1.5 times increase in electricity rates, the LCC became the same between the two luminaires because of the increase in the number of fluorescent luminaires.
조명․전기설비학회논문지 제27권 제11호, 2013년 11월
According to the analysis of the results, the LED lighting system is about 3 times higher than the fluorescent lighting system in terms of early-stage facility investment costs. However, the LCC was the same when the unit price of the LED luminaires was lowered by about 13%, or when it was discounted by 10.3% with a 1.5 times increase in electricity rates. Using this method, economic efficiency can be assessed when LED luminaires are applied to the lighting in the basic sections of the tunnel and LCCs can be compared. The LED lighting system is higher than the fluorescent lighting system in terms of early-stage facility investment costs. In terms of repair & maintenance costs and electricity cost, on the contrary, the former is lower than the latter. Therefore, this study has estimated the payback period based on the discrepancy of early-stage facility investment costs when the LED lighting was applied to tunnel lighting. The payback period was calculated based on the following formula: (early-stage facility investment costs (LED) -early-stage facility investment costs (fluorescent) / (operating cost (fluorescent) -operating cost (LED) without considering interest rates. The annual operating cost was estimated by summing up the repair & maintenance costs and electricity cost. The figures below show the accumulated costs for early-stage facility investment costs and annual operating costs by the luminaire under different conditions. Fig. 4 shows the accumulated cost of the early-stage facility investment costs and the annual operating costs between the fluorescent lighting system and the LED lighting system. In the beginning, the payback period on the discrepancy of early-stage facility investment cost between fluorescent lighting systems and LED lighting systems was 4.86 years. As shown in Fig. 5 , this figure dropped to 3.89 years when the unit price of the LED luminaires was discounted by 13%. In Fig.  6 , it decreased to 3.9 years when the unit price of the LED luminaires was discounted by 10.3% with a 1.5 times increase in electricity rates. Therefore, the payback period was shortened when the unit price of the LED luminaires was discounted and when electricity rates were raised. 
